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INTRODUCTION 

During  the  past  few  years  considerable  attention  has  been 
directed  toward  the  influence  of  extraneous  elements  on  line  in- 
tensities in  spectrochemLcal  work.  This  constitutes  a  major 
problem  in  trace  mineral  investigations,  since  these  influences 
are  more  pronounced  if  the  elements  under  consideration  are  in 
low  concentrations.  These  influences  have  been  investigated  by- 
numerous  scientists  (4,6,7,8,9,14,1^,17). 

In  this  research  the  influence  of  calcium  upon  the  inten- 
sity of  magnesium  both  in  the  a.c.  spark  and  the  d.c.  arc  was 
investigated.  The  procedure  was  then  reversed  to  study  the  in- 
fluence of  magnesium  upon  calcium  in  the  two  sources.  These  two 
elements  are  present  as  minerals  in  plants,  so  it  was  thought  ad- 
visable to  use  concentrations  approximating  those  present  in  the 
common  forage  plants.  It  is  well  known  that  the  effect  of  ex- 
traneous elements  can  be  decreased  or  eliminated  through  the  use 
of  spectrographic  buffers.  Therefore,  the  same  procedures  were 
repeated  except  that  a  buffer  was  added  to  the  saniples  being  in- 
vestigated. 

The  investigators  listed  above  have  studied  many  sequences 
of  elements  under  varying  conditions.  Some  of  the  elements  which 
have  been  studied  are:  Na,  V,  Pb,  Sn,  ly&i,  Fe,  Al,  Bi,  Ca,  Cu,  Zn, 
Ti,  P,  K,  Li,  Cd,  Rb,  Si,  Or,  Ni,  Zr,  La,  Ag,  Mo,  Ga,  0,  and  B. 
However,  there  has  been  little  work  done  on  correlating  the  ef- 
fects of  different  excitation  sources  on  the  influences  of 
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extraneous  elements.  The  results  obtained  by  these  v;orkers  have 
not  always  been  in  close  agreeioent.  The  combination  of  elements 
investigated  in  this  research  has  not  been  reported  by  other 
workers.  If  the  effect  of  one  element  upon  another  can  be  deter- 
mined and  nullified,  it  would  lead  to  higher  accuracy  in  trace 
mineral  analyses  by  spectrochemical  means. 

SURVEY  OF  LITERATURE 

Erode  and  Silverthorn  (8)  through  their  study  on  the  effects 
of  Impurities  on  line  intensities  of  Cd  and  Zn  in  quantitative 
spectrochemical  analysis  have  shown  the  follov/ing  results.  Cop- 
per and  bismuth  had  an  appreciable  effect  on  the  relative  inten- 
sities of  the  cadmium  and  zinc  lines.  The  effects  were  in  oppo- 
site directions  for  in  the  presence  of  copper,  the  intensity  of 
the  zinc  lines  was  reduced  as  compared  to  cadmium,  and  bismuth 
reduced  the  intensity  of  the  cadmium  line  compared  v/ith  zinc 
lines. 

The  intensities  of  spectral  lines  of  vanadium  have  been  in- 
creased through  the  addition  of  sodium  chloride  (4).  This  en- 
hancement was  noticeable  for  lines  of  both  the  neutral  and  ion- 
ized atom.   Hov/ever,  potassium  chloride  intensified  the  lines 
of  the  neutral  atom  and  decreased  the  intensity  of  the  lines  of 
the  ionized  atom. 

Wada  (16)  investigated  the  reciprocal  effects  of  the  alkali 
metals  on  their  detection  in  the  electric  arc.  The  following 


conclusions  were  drawn  from  ids  study:   (a)  the  presence  of  po- 
tassium increased  the  sensitivity  of  the  sodium  test;  (b)  the 
test  for  potassium  was  not  affected  by  the  presence  of  sodium 
and  lithium,  but  it  increased  the  sensitivity  of  tests  for  all 
other  alkalies.  The  results  of  his  v/ork  were  illustrated  by 
plotted  curves. 

Waldbauer  and  Means  (17)  have  shown  that  the  intensity  of 
the  spectral  lines  of  calcium  increased  with  an  increase  in  the 
percentage  of  the  alkali  metal  present.   However,  at  higher  con- 
centrations the  line  enhancement  tended  to  be  decreased. 

Brode  and  Hodge  (7),  and  Erode  and  Bournique  (6)  investi- 
gated the  influence  of  extraneous  anions  on  line  intensities. 
They  concluded  that  in  a  given  series  of  coxi5)Ound3  of  different 
anions  but  vvith  common  cations,  the  line  intensity  of  the  cation 
is  greatest  for  those  compounds  having  the  loxver  boiling  point. 

Duffendack,  V.'iley,  and  Owens  (10)  concluded  that  the  in- 
fluence of  the  extraneous  element  on  the  ratios  of  the  inten- 
sity of  the  element  under  investigation  to  the  internal  standard 
reached  a  maximum  value.  This  maximum  influence  was  attained 
through  the  addition  of  a  large  amount  of  the  extraneous  element 
to  the  standard  solutions  and  unknowns. 

It  has  been  indicated,  tiirough  the  work  of  Brode  and  Timma 
(9),  that  the  effect  of  the  extraneous  element  varies  with  the 
amount  of  the  extraneous  element,  but  not  in  a  simple  linear 
fashion.  They  were  able  to  arrange  a  sequence  of  elements 


based  on  their  boiling  points  and  excitation  potentials  in  which 
the  intensities  of  the  elements  above  a  sivQ^i  one  were  enhanced 
and  those  below  were  decreased.  This  sequence  agreed  closely 
with  a  mathematioal  expression  which  included  the  boiling  point 
and  excitation  potential  of  the  element.  However,  if  such  an 
arrangeiaent  of  elements  v/ero  studied,  it  v;ould  require  a  strict 
reproducibility  of  the  excitation  sources  used  in  their  v/ork. 

Marked  variations  have  been  observed  in  the  relative  inten- 
sities of  magnesium,  cadmium,  and  lead  lines  when  amounts  of 
foreign  substances  v/ere  added  to  standard  samples  and  excited 
in  a  condensed  spark  source  (13).  The  changes  in  the  inter- 
speotra  intensity  ratios  depended  on  the  nature  and  amount  of 
the  added  substances,  as  v/ell  as,  on  the  elements  under  con- 
sideration. 

Langstroth  and  McRao  (12)  stated  in  their  v/ork  that  unless 
appropriate  precautions  \vere  taken,  the  intensity  ratios  and 
therefoi'e  the  determined  concentrations,  varied  with  variations 
in  the  extraneous  composition  of  the  samples,  even  though  the 
amounts  of  the  internal  standard  and  the  investigated  eleirsnt 
present  reroained  constant.  The  authors  indicated  the  necessity 
for  the  use  of  a  spectroscopic  buffer  and  provided  certain 
criteria  for  the  choice  of  the  buffer  and  internal  standard 
elements. 

The  effect  of  changing  the  conditions  of  the  excitation 
source  upon  the  influence  of  extraneous  materials  in  spectro- 
chemical  analysis  has  been  studied  by  Atidryohuck  and 


McMillen  (2).  They  reported  that  the  extraneous  material  af- 
fected the  ineohanism  of  volatilization  uiore  than  the  mechanism 
of  excitation.  Operating  the  excitation  source  at  a  teri^jerature 
above  the  boiling  points  of  the  constituents  of  the  sample  and  at 
high  excitation  energies  as  obtained  from  a  lov;  inductance  spark 
source  reduced  the  influence  of  extraneous  materials. 

Schrenk  and  Clements  (15)  have  shovm  that  potassium  and 
calcium  decreased  the  line  intensity  of  phosphorus.  Also,  v/hen 
cobalt  was  used  as  an  internal  standard,  increasing  amounts  of 
calcium  tended  to  enhance  the  cobalt  line.   It  ?ms  noted  that 
phosphorus  increased  the  intensity  of  the  cobalt  line.  Through 
the  use  of  a  lithium  tartrate  buffer,  they  were  able  to  mini- 
mize these  extraneous  element  effects. 

EXPERIMENTAI.  PROCEDURE 

Instruments  Used 

A  Bausch  and  Lomb,  large,  Littrow  spectrograph  was  used 
throughout  this  investigation.  The  instrument  is  provided  with 
interchangeable  quartz  and  glass  optical  systems,  and  in  this 
research  the  quartz  system  vras  used.  The  quartz  prism  has  a 
height  of  57  mm  and  a  refracting  face  of  95  mm,  which  utilizes 
the  full  aperature  of  the  lens.  The  lens  is  70  mm  In  diameter 
and  has  a  focal  length  of  1827  'lam. 

Two  positions  were  used  in  this  investigation,  position 


five  which  covers  the  range  of  2600  to  5350  X,  and  position 

o 

three  which  coyers  the  range  of  2900  to  4800  A.  These  differ- 
ent positions  are  obtained  by  rotation  of  the  prism,  movement 
of  the  prism  and  lens  to  a  new  focus,  and  a  change  in  the  tilt 
of  the  photographic  plate.  The  first  Uro   adjustments  are  co- 
ordinated by  means  of  a  cam,  which  causes  the  prism  to  rotate 
as  it  is  moved  forward  or  baclavard  during  focusing.  The  plate 

tilt  is  adjusted  directly  through  a  screw  and  recording  scale. 

«,   ..     .  o  o 

The  dispersion  of  the  instrument  is  3.1^  A  per  mm  at  2780  A 

and  5.1^  A  per  mm  at  316O  A.  The  light  from  the  source  was 
focused  with  a  condensing  lens  upon  a  cylindrical  lens  v;hich 
then  focused  it  upon  the  slit.  A  rotating  adjustable  sector 
on  a  motor  mount  was  secured  just  ahead  of  the  cylindrical  lens. 
This  sector  was  used  to  adjust  exposure  conditions  for  the  dif- 
ferent sources.  It  was  also  possible,  through  the  use  of  this 
sector,  to  expose  for  sufficient  time  to  make  certain  that  all 
the  sample  was  volatilized. 

Two  energy  sources  were  used  in  conducting  this  research. 
The  first  source  ejorplcyed  was  a  Eausch  and  Lomb  condensed  spark 
unit  wiiich  had  a  fixed  capacitance  of  O.CO5  micro-farads  and  six 
stops  for  selection  of  inductance  in  the  circuit.  The  inductance 
could  be  varied  from  zero  to  20.^6  micro-henrys.  A  transformer 
with  a  0.45  K7A  output  furnished  a  secondary  voltage  of  15,000 
volts  a.c.  from  a  primary  voltage  of  II5  volts.  The  second  source 
of  excitation  was  a  direct  current  generator  maintained  at  a  po- 
tential of  125  volts  and  a  current  of  eight  to  ten  ainperes. 


The  following  conditions  were  maintained  constant:  slit 
width,  60  microns;  slit  height,  1.0  mm;  electrode  separation, 
2.5  mm;  and  exposure  time,  60  seconds.  \'.'hen  the  a.c.  spark  ex- 
citation source  was  used  the  rotating  sector  was  set  at  three- 
fourths,  and  vhen  the  direct  current  source  was  used  the  sector 
was  set  at  one-eighth. 

Kodak  Number  35  photographic  plates  were  found  to  give  good 
results  for  the  magnesium  and  calcium  under  investigation.  All 
plates  were  developed  four  minutes  at  20°  G^  in  Kodak  X-ray  de- 
veloper diluted  with  two  parts  of  water.  The  plates  were  then 
placed  in  a  fixing  bath  for  ten  minutes  after  which  they  were 
washed  for  txdrty  minutes  in  running  water,  and  dried  for  eight 
minutes  on  a  warm  air  drier.  The  transmit tancies  of  the  lines 
were  measured  with  a  projection  type  Allied  Research  Labora- 
tories -  Dietert  densitometer.  It  was  possible  to  obtain  check 
readings  of  the  transmit tancies  within  a  fraction  of  one  percent. 

Choice  of  the  Calcium  and  Magnesium  Lines 

Calcium  exhibits  numerous  spectral  lines  v/hich  may  be  adapt- 
able to  spectroohemical  use.  The  line  chosen  for  this  research 
was  the  one  having  a  wavelength  of  31^8.9  A.  According  to  Erode* s 
Tables  (5)  this  is  a  first  ionization  state  line,  having  a  spark 
intensity  of  300  and  an  arc  intensity  of  100.  The  line  is  also 
relatively  free  of  interference  lines  from  other  elements. 
Ahrens  (1)  states  that  the  detection  limit  for  calcium  is 
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approximately  0.00005  percent.  In  using  solutions  compounded 
from  analytical  grade  reagents,  interfering  elements  were  not 
a  factor  in  the  selection  of  the  spectral  line. 

The  element  magnesium  is  extremely  sensitive  for  spectro- 
graphic  analyses.  Using  the  most  sensitive  line  of  magnesium 
(2852.1  A),  concentrations  as  low  as  0.0001  percent  are  usually 
detectable  (1).  The  line  utilized  in  the  magnesium  investiga- 
tion v/as  the  one  having  a  wave  length  of  2779.8  %»     Erode  (5) 
lists  this  line  as  having  a  spark  intensity  of  50,  an  arc  in- 
tensity of  40,  and  arising  from  a  first  ionization  state.  There 
are  no  interfering  lines  listed  in  Erode »s  Tables  for  this  v/ave 
length. 

Preparation  of  Samples 

Analytical  grade  calcium  carbonate  was  dissolved  in  a  small 
portion  of  dilute  hydrochloric  acid  and  made  up  to  volume  with 
distilled  water,  so  that  the  concentration  of  calcium  was  2000 
ppm.  For  magnesium  analyses,  stock  solutions  containing  2000  ppm 
of  magnesium  were  made  from  analytical  grade  magnesium  nitrate 
hexahydrate  dissolved  in  water  and  made  to  volume.  Table  1  shows 
the  composition  of  the  solutions  used  for  the  analyses. 

For  the  buffered  solutions,  two  ml  of  a  lithium  tartrate 
solution  containing  8l,000  ppm  of  lithium  tartrate  vieve   added 
to  each  of  the  solutions  mentioned  in  Table  1,  The  concentra- 
tion of  the  buffer  in  the  sample  was  then  approximately  586O  ppm. 


Table  1.     Formulation  of  saxtrples  for  analysis  from  stock 
solutions. 
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Preparation  of  Kleotrodes 

Porous  cup  type  electrodes  are  required  when  the  a.c. 
spark  excitation  source  is  used.  Tliis  type  electrode  was  pre- 
pcLPed  from  the  standard  5/1 6  inch  dianieter  carbons  supplied  by 
the  National  Carbon  Company.  The  5/l6  inch  diameter  rods  were 
out  into  Xk   inch  lengths.  These  cut  rods  were  then  placed  in  a 
Jig  similar  to  the  one  described  by  Feldman  (11)  and  drilled  with 
a  5/52  inch  drill  tlirough  the  center,  along  the  axis,  to  within 
approximately  0.5  am  of  the  bottom.  This  gave  a  uniform  thick- 
ness to  the  porous  cup  electrodes  and  the  sample  feed  rate  ap- 
peared to  be  constant  throughout.  The  porous  cup  electrode 
served  as  the  upper  electrode  and  a  3/l6  inch  diameter  carbon 
rob  served  as  the  counter  electrode.  Figure  1  shows  a  cross 
section  of  the  porous  cup  electrode  and  also  the  counter  elec- 
trode space  indicated. 

In  utilizing  the  d.o.  arc  source,  cupped  type  electrodes 
were  used.  The  5/I6  inch  diameter  rods  were  cut  into  li   inch 
lengths.  The  ends  of  the  anode  were  crater  shaped  1.5  mm  deep. 
The  cathodes,  of  the  same  diameter,  were  bullet  shaped.  On  the 
end  of  the  blunt  nose  of  the  cathode  tliere  waa  a  cylindrically 
shaped  projection  1  mm  in  diameter  and  6  lam  long.  Thia  projec- 
tion tended  to  prevent  wandering  of  the  arc  and  also  allowed  a 
60  second  exposure  without  the  electrode  being  consumed.  The 
anode  craters  v/ere  filled  v/ith  a  saturated  solution  of  oamauba 
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Fig.  1.  The  Porous  Gup  Electrode;  v/ith 
the  Counter  Electrode 
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wax  in  carbon  tetrachloride  and  dried  for  4^  minutes  at  100*^  C, 
in  an  oven.  Figure  2  shows  the  electrodes  used  in  the  d.c.  arc. 


Introduction  of  Saii5)le3  into  the  Porous 
Cup  Electrodes  and  onto  the  Cratered  Electrodes 


The  porous  cup  electrodes  were  pre-sparked  for  120  seconds 
when  being  used  with  an  unbuffered  solution.  Y.'lien  calcium  was 
being  investigated,  a  6o  second  pre-spark  period  was  recorded  on 
the  photographic  plate,  and  the  intensity  of  the  calcium  line 
from  the  electrode  was  utilized  as  a  correction  factor  for  the 
calcium  line  of  the  sample.  Pre-sparking  was  required  for  the 
solution  to  pass  through  the  electrode  uniformly.  The  solution 
samples  were  placed  in  the  porous  cup  electrodes  by  means  of  a 
long,  slender  nosed  dropper  inserted  to  the  bottom.  The  dropper 
was  slowly  removed  as  the  electrode  filled.  This  procedure  of 
filling  was  necessary  in  order  to  prevent  air  from  being  trapped 
in  the  bottom  of  the  electrode.  After  each  sample  was  sparked, 
the  dropper  was  rinsed  at  least  five  times  with  distilled  water 
and  twice  with  the  next  sample  before  loading  another  electrode. 
V^hen  working  with  a  buffered  solution  in  the  a.c.  spark,  the  solu- 
tion would  not  pass  through  the  electrode  if  it  had  been  pre- 
sparked  as  indicated.  Itowever,  the  solution  would  pass  through 
if  the  electrode  had  been  pre-arced  for  twenty-five  seconds.  When 
calcium  was  under  consideration,  two  pre-arced  electrodes  were 
sparked  for  sixty  seconds  on  each  plate  to  deterxnine  the  calcium 
correction  factor  for  the  electrodes. 
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CATHODE 


ANODE 


Fig.  2.   Cupped  and  Bullet  Shaped  Electrodes 
used  in  the  D.  C.  Arc 
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In  the  a«o«  aro  souroo,  the  eratered  eleotrodoo  wtro  used. 
A  0«1  sa  voXujaA  of  the  0«HQil«  w«»  placed  in  the  crater  by  aeeui 
of  an  Applied  Heaearoii  laboratories  seml^eutomatio  pipette*  Saeh 
sample  waa  run  in  triplicate.  Aftar  the  oratera  t/ero  rilled»  the 
eleotrodea  were  plaoed  in  an  air  own  at  80®  C,  for  on©  hour  and 
then  tlM  temperature  waa  laoreaaed  to  100**  C,  for  at  leoat  rive 


hours.  Thia  period  of  tlxaa  iasured  ooicplete  drying  of  the 
pies  on  the  olootrodea*  ISaeh  olsctrode  waa  removed  froa  the  oven 
juat  before  boiiig  arood,  aiwl  in  tiiia  laannor  ther*  wma  little  poa- 
aibility  of  picJcins  up  aolsture  froia  the  air.  The  aolutioss 
wiiioh  were  buffered  with  llthiim  tortrote  did  not  forsa  a  aoooth 
oruat  aa  did  the  unbufforod  solutions.  Xnateed  thay  tonded  to 
form  a  aaall  round  ball  of  residue* 

1MgBHatMW>l»AT>  XtLSStSUSB 


i^ffoQt  Of  Maeneaiun  Upon  X&ten* 
alty  Of  Caloium  in  the  A*C*  Spark 


Yhe  f  irat  aeriaa  of  dotertaiimtlona  were  oade  to  determine 
the  effeot  of  laagneaium  upon  the  Intensity  of  oalodum  in  the  b«o» 
spark  uaing  unbufforod  solutions ,     The  porous  oup  electrodea  v?ere 
preHipazlced  and  filled  aa  previously  deseribed*     The  eleotrodes 
were  then  placed  in  the  holders  a&d  the  elootrode  iqwoixiii;  adjust* 
ed  to  2«5  X3S1  vdth  a  stainless  steel  loaf  spacer  (14}*     Thia 
spacer  was  tsounted  on  an  adjustable  shaft  so  that  it  could  bt 
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moved  into  place  for  electrode  alignment  and  then  movBd  back  for 
sparking.  The  samples  v/ere  run  in  duplicate  and  exposed  for 
sixty  seconds.  Five  plates  vere   exposed  giving  a  total  of  ten 
determinations  for  each  sar^iple.  After  processing  the  plate, 
transmittencies  were  read  on  the  AKL  densitometer  and  the  optical 
density  of  the  calcium  line  calculated,  corrected  for  calcium  in 
the  electrode,  and  converted  to  a  0.5  density  hasis.  This  cor- 
rection end  conversion  was  carried  out  as  follows:  The  optical 
density  of  the  calcium  line  in  the  blank  electrode  was  subtract- 
ed from  the  optical  density  of  the  calcium  line  in  the  sample. 
The  optical  density  of  the  caloium  line  v/ith  no  magnesium  present 
was  set  equal  to  0.5,  then  the  optical  density  of  the  calcium 
line  when  magnesium  was  present  was  calculated  by  means  of  the 


sity  of  the  calcium  line  containing  magnesium  converted  to  the 
0.5  basis.  It  is  probable  that  the  most  erratic  results,  which 
in  some  cases  were  eliminated,  were  due  to  variations  in  feed 
rate  caused  by  unequal  electrode  thickness.  These  results  are 
shown  in  Table  2  and  Fig.  J. 


Effect  of  Calcium  Upon  Intensity  of 

^iagnesium  in  the  A.C.  Spark 


The  next  series  of  runs  were  made  to  determine  the  effect 
of  calcium  upon  the  intensity  of  the  inagnasium  line  in  the  a.o. 
spark  using  unbuffered  solutions.  The  procedure  as  given  above 
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Fig.    5.      The  Effect  of  Llasne sima  upon  the  Intensity 
of  Calcium  (31^8.9  a)   in  the  A.G.    Spark. 
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was  followed  except  that  no  electrode  correction  was  necessary 
for  the  magnesium  lines  since  magnesium  was  not  present  as  an 
impurity  in  the  electrodes.  The  samples  were  run  in  triplicate 
and  six  plates  were  exposed  giving  a  total  of  eighteen  analyses 
on  each  sample.  These  results  are  shown  in  Table  5  and  Fig,  4. 

A  series  of  samples  v/ere  run  using  the  National  Carhon 
Company  High  Purity  Electrodes  in  order  to  determine  if  the  elec- 
trode impurities  had  any  effect  on  the  calcium  and  magnesium 
lines  under  consideration.  The  results  obtained  from  these  sam- 
ples indicated  that  the  impurities  present  in  the  standard  elec- 
trodes were  not  affecting  the  intensities  of  the  calcium  and  mag- 
nesium spectral  lines. 


Effect  of  Calcium  Upon  Intensity  of 
l/agnesium  in  the  B.C.  Arc 


The  effect  of  calcium  upon  the  intensity  of  the  magnesium 
line  was  next  determined  in  the  d.o.  arc.  For  this  investiga- 
tion the  rotating  sector  was  changed  to  one-eighth  in  order 
that  a  sixty  second  exposure  could  be  utilized.  This  length  of 
exposure  was  necessary  to  insure  complete  consumption  of  the 
sample.  The  results  of  this  series  are  shown  in  Table  4  and 
Fig.  5,  Doubtful  data  were  eliminated  since  occasionally  small 
flakes  of  the  sample  were  lost  in  the  arc. 


1? 

+»  +>         W 

^   O         CO 

o 

OS 

""t 

c^ 

r* 

m  <o  o  /3 

o 

r-i 

^ 

c- 

UN 

a  u^ 

lA 

«A 

-* 

"* 

o     o 

• 

• 

.• 

• 

• 

• 

O 

o 

o 

o 

o 

fl 

1 

•S.S 

UN 

vO 

^ 

o\ 

H 

(C-P 

hA 

"* 

t- 

UN 

fl 

•d  CO 

O 

H 

cvt 

o 

CVi 

«H 

G«H 

H 

■H 

H 

rH 

H 

CO  > 

• 

• 

• 

• 

• 

tf^^ 

+3    © 

O 

o 

o 

o 

O 

o< 

COT* 

H 

0* 

<N 

•>* 

o\ 

^ 

• 

?N 

H 

^ 

vO 

KN 

dK 

> 

•-f\ 

vO 

UN 

UN 

UN 

e- 

< 

• 

• 

• 

• 

• 

DM* 

O 

o 

O 

O 

O 

•  • 
1 

9 

<NH»A 

coosoo 

vooo  CVJ 

vOCVI 

OSHNC- 

O  .-HCC 

.0  CVJv^ 

H  •-i^^ 

1  OCO 

O  CNr<- 

ii 

■^ 

vOv^iA 

\OvOvJ3 

u\UN-«i- 

1  vOvO 

•*UNUN 

f*\ 

•     •     • 

•     •     • 

•    •    • 

1      •    • 

•    t    • 

1 

., 

ooo 

ooo 

ooo 

o  o 

OOO 

« 

cc)  «*■  e- 

^  oo 

OITVC* 

oj  evjo 

©'"tsO 

>: 

K> 

c^ooo 

'-NHUN 

O  Ovo 

+» 

!<> 

-ovoirx 

"VhsOsO 

^^vx>^^ 

UNUN-^ 

UNUNHN 

H 

•H 

•    •    • 

•    •    • 

•   •   • 

•    •    • 

•    •    • 

^ 

n 

OOO 

ooo 

ooo 

ooo 

OOO 

K^ 

rt 

It 

•  • 

B 

H  OO 

cc.  o 

cooco 

vi3  C\0 

cj      cc 

M 

■a 

d!S:^^ 

1'4^ 

C^  OnK"> 

C^tf\v^ 

C~-    1   K\ 

M 

C\J 

"<f'*<- 

^^-v 

K\^vJ3 

K\  1  ■*«• 

«<l 

o 

K> 

•  •  • 

1    •  • 

•     •     • 

•     •     • 

•    1      * 

A 

■H 
§ 

ooo 

oo 

ooo 

ooo 

O      o 

1 

1 

«« 

i4 

Kl 

fi 

O 

vO'^vO 

W  -^vO 

0\0 

.-!-X>CO 

vOCO  lA 

&• 

4^ 

H 

lAHCO 

CXI  o\<?^ 

r<^^f^  1 

i^C>-C~ 

'4-00  KN 

w 

(d 

K> 

vOC^vC 

sfiU\C- 

v^CO| 

UNvO'* 

UN\OC^ 

H 

•    •    • 

•     •     • 

•    •    • 

•     •     • 

9 

% 

OOO 

ooo 

o  o 

OOO 

ooo 

«• 

"§ 

CVI<»  CVJ 

c-»v^  evi 

O  CVi  K\ 

CVi  CVI  1-1 

vONN 

9 

O 

vOCO  CVi 

r^vOK^ 

«rvc^c- 

KNO  e- 

1  c—o 

KN 

■vO^C- 

^-XiCZ, 

"t  "NUN 

•«t  u\vO 

1   '*  us 

Vi    • 

•     •     • 

•    •    • 

•    •    • 

•    •    • 

1      •     • 

"•S 

ooo 

ooo 

OOO 

ooo 

oo 

+>   CO 

•  • 

o  p, 

(D  01 

! 

COvfiOO 

tt-vr>  o. 

P~-CVlvO 

O  CKU\ 

CVJ  O"* 

'i-i 

i 

C».'  -^  CVi 

C\!  LT^x^ 

UNoO  Cn 

cj  CM  -sr 

CJsO  KN 

<*H      • 

On 

u\u\-^ 

irsvo  UN 

ro'^LTN 

vOvijC- 

C-^C- 

g>  o 

eg 

•     •     • 

•    •    • 

•   •   • 

•     •     • 

•    •    • 

«  «0 

ooo 

ooo 

ooo 

OOO 

OOO 

g 

s 

fi     3 

s    e 

a  t 

3     ^ 

p< 

p^     p. 

ft     ft 

ft     Pi 

• 

§ 

P) 

ft     ft 

ft     ft 

ft    ft 

ft     ft 

KN 

•H 

o 

o     o 

o     o 

o     o 

o     o 

+» 

ir\ 

if\      o 

UN       o 

UN       o 

UN       O 

• 

d 

CVJ 

CVJ       H 

CVJ         CVI 

CVJ        UN 

CVI       o 

g 

^ 

H 

£ 

CO 

If 

f   5 

M  s 

IP  5 

IP  5 

20 


IX) 
0.9  — 
0.8 


0.2 


A    buffered  -  high  cone, 
a    buffered  -  low  cone. 
O    unbuffered 


200  400  600 

Calcium,    ppm 


800 


1000 


Fig.  4.  The  Effect  of  Calclun  upon  the  Intensity  of 
Liasnesium  (2779.8  2)  in  the  A.C.  Spark. 
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Fig.  5.  The  Effect  of  Calcium  upon  tlie  Intensity  of 
Magnesium  (2779.8  A)  in  the  D.C.  Arc 
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Effect  of  Magnesium  Upon  Intensity  of 
Calcium  in  the  D.C.  Arc 


The  d.c.  arc  source  v/as  next  utilized  to  determine  the  ef- 
fect of  magnesium  upon  the  Intensity  of  the  calcium  line.  The 
procedure  previously  described  was  utilized  also  in  this  series. 
These  results  are  given  in  Table  ^  and  Fig,  6. 

Selection  of  Spectroscopic  Buffer 

In  atten5)tlng  to  select  a  suitable  spectroscopic  buffer  for 
use  with  calcium  and  magnesium,  the  works  of  Schrenlc  and  Clements 
(15)  and  Langstroth  and  McRae  (12)  were  considered. 

Schrenk  and  Clements  have  used  lithium  tartrate  with  a  good 
deal  of  success  in  this  laboratory.  The  buffer  has  been  used  on 
solutions  containing  phosphorus,  calcium,  and  potassium.  The 
use  of  this  buffer  caused  practically  complete  cancellation  of 
the  repression  of  the  phosphorus  line  by  potassium  and  calcium. 

The  work  of  Langstroth  and  ilcRae  on  the  transport  phenomena 
of  materials  in  the  condensed  d.c.  spark  indicates  that  a  buffer 
should  contain  an  element  of  low  ionization  potential.  V.hen 
such  an  element  is  present  in  sufficient  amount  it  will  alter 
the  transport  phenomena  to  such  an  extent  that  the  extraneous 
element  will  not  affect  it. 

An  excellent  buffer  requires  that  it  will  form  a  uniform, 
tenacious  film  on  the  surface  of  the  electrode.  This  requirement 
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was  realized  in  the  case  of  low  concentrations  (250  ppm)  of  sam- 
ple, but  in  the  higher  range  (^00  to  1000  ppm)  the  layer  was  not 
uniform. 

A  stock  buffer  solution  containing  8l,000  ppm  of  lithium 
tartrate  was  used  in  compounding  the  buffered  samples  for  this 
v;ork.  The  composition  of  these  samples  is  shown  in  Table  1. 
Two  ml  of  the  stock  buffer  solution  were  added  to  each  sample 
of  the  series  for  analysis.  The  concentration  of  the  lithium 
tartrate  in  the  solutions  was  approximately  3,860  ppm. 

^sTien  the  buffered  samples  were  used  with  the  porous  cup 
electrodes  in  the  a.o.  spark,  considerable  difficulty  was  en- 
countered in  the  passage  of  the  solution  through  the  electrode 
into  the  spark.  These  electrodes  had  been  prepared  and  treated 
at  the  same  time  as  those  used  with  the  unbuffered  solutions. 
It  was  then  noted  that  Ayres  and  Berg  (5)  had  used  pre-arced 
porous  cup  electrodes  and  were  able  to  obtain  good  results.  A 
twenty-five  second  pre-arc  v/as  then  applied  to  the  blank  elec- 
trodes before  filling.  In  this  manner  the  porosity  of  the  elec- 
trodes was  increased  and  the  samples  passed  through  readily. 
However,  this  pre-arcing  may  influence  the  determinations  since 
the  pre-arcing  seemed  to  enhance  the  feed  rate  much  more  than 
the  pre-sparking. 

Table  6  and  Fig.  5  show  that  an  enhancement  of  the  calcium 
line  in  the  a.c.  spark  occurred  when  the  buffered  solutions  were 
used  as  compared  to  a  repression  with  the  unbuffered  solutions. 
The  same  phenomenon  is  true  in  the  d.c.  arc  as  shown  in  Fig,  6 
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which  was  plotted  from  the  data  tabulated  in  Table  7» 

The  effect  of  the  buffer  upon  the  slight  repression  of  the 
calcium  line  due  to  magnesium  in  the  a.c.  spark  was  erratic.  The 
result  of  a  series  of  three  runs  in  duplicate  is  shown  in  Table  8 
and  Fig.  4-. 

The  enhancement  of  the  magnesium  line  due  to  the  presence  of 
calcium  in  the  d.c.  arc  was  nullified  through  the  use  of  the  spec- 
troscopic buffer.  These  results  are  shown  in  Table  9  and  Fig.  5« 

DISC3USSI0N 

Magnesium,  when  it  occurred  as  an  extraneous  element,  caused 
a  slight  depression  of  the  calcium  line  in  the  a.c.  spark.  Th© 
average  standard  deviation  over  the  range  of  samples  studied  was 
approximately  9  percent.  The  effect  of  magnesium  upon  the  inten- 
sity of  calcium  is  shown  in  Fig.  3.  Buffering  the  solution  with 
lithium  tartrate  decreased  the  slight  effect  of  magnesium  upon 
calciujQ  in  the  a.c.  spark.  The  standard  deviation  was  l8.7  per- 
cent for  the  buffered  solution.  V/hen  the  d.c.  arc  was  employed 
as  an  excitation  source,  the  effect  of  magnesium  upon  calcium 
was  approximately  the  same  as  in  the  a.c.  spark.  However,  th© 
average  standard  deviation  (24.7  percent)  for  this  series  was 
considerably  higher  than  in  the  a.c.  spark.  The  speotrographio 
buffer  reacted  in  the  same  manner  in  the  d.c.  arc  as  it  did  in 
the  a.c.  spark,  except  that  the  standard  deviation  also  was 
higher  (26.7  percent).  vJhen  the  buffer  concentration  was 
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increased  by  a  factor  of  ten,  the  influence  of  nagnesiiim  on  the 
intensity  of  the  calcium  line  was  not  altered  appreciably  as 
shovm  in  Fig,  6.  Inspection  of  Fig.  6  also  indicates  that  con- 
siderable variation  of  results  was  obtained  with  both  concentra- 
tions of  buffer.  The  loss  of  saii5)le  during  excitation  was  prob- 
ably responsible  for  these  variations.  Due  to  the  relatively 
high  standard  deviations,  both  in  the  a.c.  spark  and  the  d.c.  arc, 
it  is  probable  that  magnesium  has  very  little  effect  upon  the  in- 
tensity of  calcium  in  either  source  of  excitation. 

The  intensity  of  the  magnesium  line  in  the  a.c.  spark  de- 
creased slightly  when  calcium  xvas  present  as  the  extraneous 
element.  The  decrease  in  intensity  apparently  reached  a  maxi- 
mum at  a  concentration  of  200  ppm  of  the  extraneous  element. 
The  average  standard  deviation  was  20.2  percent  for  the  series. 
Viihen  the  spectrographic  buffer  was  added  to  the  solution,  the 
slight  decrease  in  the  intensity  of  the  magnesium  line  v;a3 
eliminated  at  low  concentrations  of  the  extraneous  element. 
However,  when  the  extraneous  element  was  present  at  higher  con- 
centrations, a  marked  decrease  in  the  intensity  of  the  magnesium 
line  occurred  in  the  buffered  solution.  It  is  probable  that  this 
phenomenon  may  be  explained  in  the  follovdng  manner:   (a)  At  low 
concentrations  of  the  extraneous  element,  the  buffer  may  be  pres- 
ent in  sufficient  quantity  to  minimize  the  effect  of  the  extra- 
neous element,   (b)  At  higher  concentrations  of  the  extraneous 
element,  the  buffer  may  not  be  sufficiently  concentrated  to  off- 
set the  influence  of  the  extraneous  element.  For  these  buffered 
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solutions  the  average  standard  deviation  was  1^.6  percent.  An 
examination  of  Fig.  4-  would  indicate  that  when  an  extraneous 
element  is  present,  a  higher  concentration  of  buffer  may  be  re- 
quired to  stabilize  the  intensity  of  the  magnesium  line  in  the 
a.c.  spark.  Therefore,  a  tenfold  increase  in  buffer  was  utilized 
to  determine  if  the  influence  of  calcium  upon  the  intensity  of 
magnesium  could  be  eliminated.  The  effectiveness  of  these  solu- 
tions is  shovm  in  Fig.  4  and  indicates  that  it  may  be  possible 
to  obtain  a  higher  precision  in  determining  magnesium  under  such 
conditions.  The  intensity  of  magnesium  was  considerably  enhanced 
by  calcium  when  the  d.c.  arc  was  used  as  a  source  of  excitation. 
When  the  solution  was  buffered,  the  enhancement  appeared  to  be 
minimized  as  shown  in  Fig.  5.  The  average  standard  deviations 
for  the  unbuffered  and  buffered  solutions  were  1^.2  percent  and 
19.3  percent  respectively.  The  data  therefore  indicate  that 
calcium  had  very  little  effect  upon  the  intensity  of  magnesium  in 
the  a.c.  spark,  but  show  a  considerable  enhancement  of  the  sam« 
line  in  the  d.c.  arc. 

Brode  and  Tlmma  (9)  developed  an  equation  which  relates  the 
boiling  point  and  excitation  potential  of  an  element  to  the  in- 
tensity of  its  spectral  line.  Vihen  the  intensities  of  the  cal- 
cium and  magnesium  lines  were  calculated  using  the  equation  pro- 
posed by  Brode  and  Tlmma,  the  values  obtained  for  the  tv«D  lines 
were  similar.  The  difference  betv/een  these  calculated  inten- 
sities was  approximately  fifteen  percent,  which  may  indicate 
that  the  elements  should  have  relatively  little  effect  upon 
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each  other.  It  is  possible  that  the  magnesium  and  calcium  jnay  be 
converted  to  their  oxides  at  the  temperature  obtained  in  the  d.c. 
arc.  If  this  is  true,  the  energy  required  to  vaporize  the  oxides 
v;ouid  be  greater  than  that  of  the  original  material.  In  the  a.c. 
spark,  v/here  the  solution  is  fed  directly  into  the  spark  gap,  it 
is  improbable  tliat  the  magnesium  and  calcium  v.^juld  be  converted 
to  their  oxides.  Therefore,  the  effect  of  one  elenent  upon 
another  should  be  different  in  the  two  sources  of  excitation, 
and  the  results  of  this  research  has  shown  this  to  be  true. 

CONCLUSIONS 

It  has  been  shown  that  calcium  and  magnesium  can  influence 
each  other  in  both  the  a.c.  spark  and  the  d.c.  arc.  These  ef- 
fects are  summarized  as  follov;s:   (a)  The  presence  of  magnesium 
vdll  cause  a  decrease  in  the  intensity  of  the  calcium  line  in  the 
a.c.  spark  and  also  in  the  d.c.  arc.  The  results  in  the  a.c. 
spark  tend  to  be  more  uniform  than  those  obtained  in  the  d.c. 
arc;  (b)  When  calcium  is  present  as  an  extraneous  element  in 
the  determination  of  magnesium,  there  will  be  a  slight  repres- 
sion of  the  magnesium  line  in  the  a.c.  spark  and  a  considerable 
enhancement  in  the  d.c.  arc. 

The  effects  stated  above  have  been  eliminated  somewhat 
through  the  use  of  litliium  tartrate  as  a  spectrographic  buffer. 
This  buffer  minimized  the  effect  of  magnesium  upon  calcium.  The 
results  were  erratic  when  a  low  concentration  of  buffer  was  used 
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to  eliminate  the  effect  of  calcium  upon  magnesiiua,  Etowever, 
higher  concentrations  of  buffer  have  minimized  the  effect  of 
calcium  upon  the  intensity  of  the  magnesium  line. 

The  standard  deviations  as  indicated  in  Tables  2  through 
9  are  high.  This  would  tend  to  indicate  several  sources  of 
error,  which  in  all  probability,  could  be  partially  eliminated 
through  a  more  comprehensive  study  of  the  effects  of  these  el- 
ements upon  each  other. 
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This  research  was  oonducted  to  study  the  Influence  of  ex- 
traneous elements  on  line  intensities  in  the  a.c.  spark  and  the 
d,c.  arc.  Calcium  and  magnesium  were  the  investigated  elements. 
A  Bausch  and  Lomb,  large,  Littrow  spectrograph  with  quartz  op- 
tics was  used  tliroughout  the  research. 

Kodak  Number  53  photographic  plates  vrere  found  to  give  good 
results  v/hon  calcium  and  magnesium  vjere  investigated.  All  plates 
were  developed  four  minutes  in  dilute  Kodak  X-ray  developer  and 
fixed  in  X-ray  fixer.  The  transmittancies  of  the  lines  were 
measured  with  a  projection  type  Allied  Research  Laboratories  - 
Dietert  densitometer. 

The  concentration  of  the  element  being  investigated  was 
held  constant  at  2^0  ppm.  The  extraneous  element  was  varied 
as  follov/s:  0;  100;  200;  ^00;  and  1000  ppm.  Lithium  tartrate 
was  used  as  a  spectre graphic  buffer  to  minimize  the  influence 
of  the  extraneous  elexnents.  Vlhen  a  high  concentration  of 
buffer  was  employed,  the  concentration  of  the  oloroent  under 
investigation  was  125  ppm. 

Results  indicated  that  the  presence  of  magnesium  will  cause 
a  decrease  in  the  intensity  of  the  calcium  line  in  the  a.c.  spark 
and  also  in  the  d.c.  arc.  llhen   calcium  is  present  as  an  extra- 
neous element  in  the  determination  of  magnesium,  there  will  be 
a  slight  repression  of  the  magnesium  line  in  the  a.c.  spark  and 
a  considerable  enhancement  in  the  d.c.  arc.  These  effects  have 
been  eliminated  somewhat  through  the  use  of  lithium  tartrate  as 
a  spectrographic  buffer.  This  buffer  minimized  the  effect  of 
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magnesium  upon  calcium.  Erratic  results  were  obtained  when  a 
lo\v  concentration  of  buffer  was  used  to  eliminate  the  effect 
of  calcium  upon  magnesium.  However,  higher  concentrations  of 
buffer  have  minimized  the  effect  of  calcium  upon  the  intensity 
of  the  magnesium  line  in  the  a.c.  spark. 
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